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Assessment of haemorrhoidal artery network using colour 
duplex imaging and clinical implications 
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Background: Dearterialization should reduce arterial overflow to haemorrhoids. The purpose of this 
study was to assess the topography of haemorrhoidal arteries. 

Methods: Fifty patients with haemorrhoidal disease were studied. Using endorectal ultrasonography, six 
sectors were identified within the lower rectal circumference. Starting from the highest level (6 cm above 
the anorectal junction), the same procedure was repeated every 1 cm until the lowest level was reached 
(1 cm above the anorectal junction). Colour duplex imaging examinations identified haemorrhoidal 
arteries related to the rectal wall layers, and the arterial depth was calculated. 

Results: Haemorrhoidal arteries were detected in 64-3, 66-0, 66-0, 98-3, 99-3 and 99-7 per cent of 
the sectors 6, 5, 4, 3, 2 and 1 cm above the anorectal junction respectively (P < 0-001). Most of 
the haemorrhoidal arteries were external to the rectal wall at 6 and 5 cm (97-9 and 90-9 per cent), 
intramuscular at 4 cm (55-0 per cent), and within the submucosa at 3, 2 and 1 cm above the anorectal 
junction (67-1, 96-6 and 100 per cent) (P < 0-001). The mean arterial depth decreased significantly from 
8-3 mm at 6 cm to 1-9 mm at 1 cm above the anorectal junction (P < 0-001). 

Conclusion: This study demonstrated that the vast majority of haemorrhoidal arteries lie within the 
rectal submucosa at the lowest 2 cm above the anorectal junction. This should therefore be the best site 
for performing haemorrhoidal dearterialization. 
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Introduction 

The anatomical and physiological characteristics of haem- 
orrhoids have not been elucidated fully. Microscopically, 
haemorrhoidal piles are sinusoids (vascular structures with- 
out a muscular wall) 1 . Direct arteriovenous communica- 
tions have been demonstrated histologically and radiolog- 
ically, and some authors have noted a resemblance to erec- 
tile tissue 2 . Traditionally, haemorrhoidal piles frequently 
appear to be localized to the left lateral, right posterolateral 
and right anterolateral sites in the anal canal circumference 
with the patient in the lithotomy position; however, this 
configuration is demonstrated in less than 20 per cent of 
patients 3 . In reality, a wider network of arterial and venous 
vessels has been described 4 , although the distribution and 
relationship to rectal and anal layers is unclear. 
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Recently, haemorrhoidal disease (HD) has often been 
treated using non-excisional procedures. Some surgical 
techniques address the reduction of arterial inflow to 
haemorrhoids. 

Transanal haemorrhoidal dearterialization (THD) and 
Doppler-guided haemorrhoidal artery ligation (DG-HAL) 
are the main surgical procedures with this aim, and use 
specifically designed devices for arterial ligation in the 
lower rectum guided by a Doppler signal 5 . Stapled haem- 
orrhoidopexy (SH) divides the haemorrhoidal arteries in 
the suture line 6 . 

Assessment of the optimal site for these surgical 
approaches should improve the clinical efficacy. The pur- 
pose of this study was to localize precisely the arteries 
running into the rectum and directed to haemorrhoids. 

Methods 

The local institutional review board approved this study. 
Patients with HD were enrolled prospectively. Each patient 
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signed an informed consent form regarding the procedures 
and purpose of the study. All patients had anal bleeding 
with or without haemorrhoidal prolapse. Before inclusion 
in the study, an accurate diagnostic assessment, includ- 
ing patient history, physical examination, anoproctoscopic 
and colonoscopic findings, if indicated, confirmed HD. 
Patients with chronic bowel inflammatory disease, anal 
fissures, anal fistulas or abscesses, and a history of pelvic 
surgery and/or radiotherapy were excluded. 

The enrolled patients underwent endoanal-endorectal 
ultrasonography (ERUS) and colour duplex imaging per- 
formed by a single operator. An ultrasound system (Pro- 
Focus Green ; BKMedical, Herlev, Denmark) fitted with 
endoanal-endorectal probes (models 2052 and 8848; BK 
Medical) was used. Before ultrasound examinations, the 
patients were prepared with two enemas to flush the rec- 
tum. During ERUS, the proximal edge of the puborectalis 
sling was identified to localize the anorectal junction (ARJ). 
The ARJ was regarded as the best reference point during 
anorectal ultrasonography. The anal dentate line cannot be 
identified using ultrasound techniques, and in patients with 
HD the anal pecten can frequently be displaced. The lower 
rectal circumference was subdivided into six sectors (left 
anterolateral, left lateral, left posterolateral, right postero- 
lateral, right lateral and right anterolateral) (Fig. 1). From 
the upper limit (6 cm above the ARJ), the same procedure 
was repeated every 1 cm until the lower limit was reached 




Fig. 1 Topographic schematic diagram showing different levels 
of the colour duplex imaging examination 



(1 cm above the ARJ) (Fig. 1). A total of 300 sectors were 
studied for each of the six rectal levels. 

Using combined colour duplex imaging, the courses of 
arteries that reached haemorrhoidal piles were followed 
carefully. All perirectal arteries that were not directed 
to haemorrhoids (vaginal, prostatic, and seminal vesicle 
arteries) were excluded from the study. 

Arteries were classified according to their location in the 
rectal wall: running within the submucosa, between the 
submucosa and the rectal muscle, within the rectal muscle, 
between the rectal muscle and the perirectal fat, or outside 
the rectal wall. The distance between the centre of the 
arterial lumen and the ultrasound probe surface (defined as 
'arterial depth') was calculated. 

Close contact was maintained with the rectal mucosa, 
but care was taken to avoid applying excessive pressure 
to the rectal wall with the ultrasound probe to minimize 
any distortion of the ultrasonographic and Doppler signals 
owing to arterial occlusion or compression. For each sector 
investigated, at least one picture was obtained for review 
after the examination. 

Statistical analysis 

The mean(s.d.) value was calculated for each recorded 
parameter. One-way ANOVA was used to compare 
means. The Bonferroni method was used for multiple 
comparisons, when appropriate. P < 0-050 was considered 
statistically significant. 

Results 

Fifty patients (36 men, 14 women) with a mean(s.d.) age of 
47- 1(1 3-1) years were studied. Five patients (10 per cent) 
had grade II, 41 (82 per cent) had grade III and four 
(8 per cent) had grade IV haemorrhoids. 

Significantly fewer sectors in the upper part of the low 
rectum had an arterial supply directed to the haemorrhoids 
than in the lower part (64-3, 66-0 and 66-0 per cent at 6, 
5 and 4 cm above the ARJ respectively versus 98-3, 99-3 
and 99-7 per cent at 3, 2 and 1 cm respectively; P < 0-001). 
Fig. 2 shows colour duplex imaging samples of different 
artery locations in relation to the rectal wall layers. The 
distribution of haemorrhoidal arteries in relation to rectal 
layers and distance from the ARJ is shown in Table 1. In 
the majority of the upper sectors (97-9 per cent at 6 cm 
and 90-9 per cent at 5 cm from the ARJ), haemorrhoidal 
arteries were located in the perirectal fat, and only 
occasionally within the bowel wall. At 4 cm above the ARJ, 
a greater number of sectors had arteries located in the rectal 
muscle. At 3 cm, the arteries were shown to run into the 
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Fig. 2 Colour duplex imaging examples of different locations of arteries in relation to the rectal wall: a,b perirectal fat; c perirectal 
fat-rectal muscle; d,e rectal muscle-submucosa; e submucosa 



submucosa in the majority of sectors, whereas at 2 and 1 cm 
above the ART almost all of the arteries had a submucosal 
location (in 96-6 and 100 per cent of sectors respectively); 
the differences were statistically significant (P < 0-001). 



No haemorrhoidal arteries were detected in the left 
and right anterolateral sectors at 6, 5 and 4 cm above the 
ART, whereas such arteries were identified in the other 
sectors. At the lower three levels (3, 2 and 1 cm above the 
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Table 1 Distribution of detectable haemorrhoidal arteries in relation to rectal sectors and wall layers 

No. of rectal sectors 
Distance from anorectal junction 



Haemorrhoidal artery location 


6 cm 


5 cm 


4 cm 


3 cm 


2 cm 




P* 


Perirectal fat 


189(97-9) 


180 (90-9) 


84 (42-4) 


8 (2-7) 


0(0) 


0(0) 


< 0-001 


Perirectal fat-rectal muscle 


0(0) 


5 (2-5) 


48 (24-2) 


9(3-1) 


0(0) 


0(0) 


< 0-001 


Rectal muscle 


4(2-1) 


9 (4-5) 


34 (1 7-2) 


23 (7-8) 


5(1-7) 


0(0) 


< 0-001 


Rectal muscle-submucosa 


0(0) 


3(1-5) 


27 (13-6) 


57 (19-3) 


5(1-7) 


0(0) 


< 0-001 


Submucosa 


0(0) 


1 (0-5) 


5 (2-5) 


198(67-1) 288(96-6) 


299 (100) 


< 0-001 


Values in parentheses are percentages. *One-way 


ANOVA and Bonferroni tests. 










Table 2 Rectal sectors with detectable haemorrhoidal arteries in relation to distance from anorectal junction 










Distance from anorectal junction 








Rectal sector 


6 cm 






3 cm 








Left anterolateral 


0(0) 


0(0) 


0(0) 


47 (94) 




50 (100) 


50 (100) 


Left lateral 


47 (94) 


49 (98) 


49 (98) 


50 (1 00) 




50 (100) 


50 (100) 


Left posterolateral 


49 (98) 


50 (100) 


50 (100) 


50 (100) 




50 (100) 


50 (100) 


Right posterolateral 


48 (96) 


49 (98) 


49 (98) 


49 (98) 




49 (98) 


49 (98) 


Right lateral 


49 (98) 


50 (100) 


50 (100) 


50 (100) 




50 (100) 


50 (100) 


Right anterolateral 


0(0) 


0(0) 


0(0) 


49 (98) 




49 (98) 


50 (100) 



Values in parentheses are percentages. 

Table 3 Arterial depth in relation to level of rectal circumference 

Distance from anorectal junction 
4 cm 3 cm 

5-3(1 -5) 6-6(1-4) 5-1(1-2) 3-3(0-9) 

Values are mean(s.d.). *One-way ANOVA and Bonferroni tests. 

Table 4 Arterial depth in relation to level of rectal circumference and sector 

Arterial depth (mm 
Distance from anorectal junction 




Arterial depth (mm 



2 cm 



2-4(0-1 



1 cm 

1-9(0-4) 



P* 
< 0-001 



Rectal sector 


6 cm 


5 cm 


4 cm 


3 cm 


2 cm 


1 cm 




Left anterolateral 








2-6(0-7) 


2-2(0-6) 


1 -9(0-5) 


< 0-001 


Left lateral 


8-0(1-7) 


6-1(1-4) 


4-6(0-9) 


3-4(0-7) 


2-4(0-6) 


1 -9(0-4) 


< 0-001 


Left posterolateral 


8-5(1-4) 


7-0(1-4) 


5-3(1-3) 


3-5(0-9) 


2-4(0-6) 


1 -9(0-4) 


< 0-001 


Right posterolateral 


8-3(1-5) 


6-7(1-5) 


5-2(1-2) 


3-6(0-8) 


2-5(0-5) 


2-0(0-4) 


< 0-001 


Right lateral 


8-3(1-5) 


6-7(1-3) 


5-2(1-2) 


3-6(1-0) 


2-6(0-8) 


1 -9(0-4) 


< 0-001 


Right anterolateral 








2-9(0-8) 


2-2(0-5) 


1 -8(0-4) 


< 0-001 


P* 


0-674 


0-022 


0-020 


< 0.001 


0-005 


0-865 





Values are mean(s.d.). *One-way ANOVA and Bonferroni tests. 

ARJ), haemorrhoidal arteries were identified in nearly all 
circumferential sectors {Table 2). The mean haemorrhoidal 
arterial depth was significantly lower in more distal sectors 
than in more proximal sectors; a statistical comparison 



between each level showed all differences to be significant 
(P < 0-001) (Table 3). This was a consistent finding in each 
rectal sector (Table 4). When mean arterial depths at each 
rectal level were compared, the differences between sectors 
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were not statistically different at 6 cm above (P = 0-674) 
or 1 cm below (P = 0-865) the ART, whereas differences 
between sectors were statistically significant at 5, 4, 3 and 
2 cm above the ARJ (P = 0-022, P = 0-020, P < 0-001 and 
P = 0-005 respectively). 

Discussion 

The pathogenesis of HD is unclear, but is probably multi- 
factorial. A number of elements have been claimed to be 
causative or predisposing factors. Disruption of supportive 
tissue surrounding haemorrhoids is considered to be an 
important factor in haemorrhoidal prolapse 7 and a number 
of inflammatory mediators have also been cited 8 ' 9 . A hyper- 
tonic internal anal sphincter has frequently been associated 
with HD and is regarded as a possible cause of haem- 
orrhoidal symptoms 10 . Haemorrhoidal vascularization 
appears to play a central role in the pathophysiology of HD . 

Hyperplasia of the arteriovenous network within the 
anorectal submucosa (corpus cavernosum recti, CCR) 
results in increased vascular pressure. Blood overflow to 
the CCR should also cause increased intravascular pres- 
sure, and is thus a significant predisposing factor for 
HD 11 . Aigner and colleagues 12 confirmed the relationship 
between arterial overflow and HD. Using a transperineal 
Doppler probe to investigate haemorrhoidal arteries, they 
found a significantly higher arterial calibre and flow veloc- 
ity in patients with HD compared with controls. They then 
hypothesized that the coordinated filling and drainage of 
the anorectal vascular plexus is regulated by the intrinsic 
vascular sphincter mechanism, and that the morpholog- 
ical and functional failure of this vascular system may 
contribute to the development of HD 13 . 

A comprehensive understanding of anorectal vascular- 
ization should contribute to outlining the pathophysiology 
of HD. A recent study by Schuurman and co-workers 14 
highlighted how vascularization of the CCR is provided 
almost exclusively by branches of the superior rectal artery 
(SRA), a terminal branch of the inferior mesenteric artery. 
A previous study by Shafik and Mostafa 1 " 1 indicated that 
the lower half of the rectum is vascularized by the terminal 
branches of the SRA (two or three main branches), with 
plexiform patterns at the ends. The middle rectal artery has 
been reported in only 50 per cent of cadaver specimens 15 , 
and the functional role of this artery seems negligible 
in light of these anatomical inconsistencies. DiDio and 
colleagues 16 also studied the middle rectal artery in 30 
cadavers; it was present in 56-7 per cent of specimens, 
bilaterally (36-7 per cent) or unilaterally (20-0 per cent). 
The middle rectal artery arose from the internal puden- 
dal artery in 40 per cent of specimens, the inferior gluteal 
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artery in 26-7 per cent, and the internal iliac artery in 
16-8 per cent. The consistent findings of the above stud- 
ies appear to demonstrate that the SRA branches play a 
predominant role in CCR vascularization. Therefore, it is 
particularly important to define the topography of these 
vessels within the rectal-perirectal area. Aigner et alP 
analysed five macroscopic preparations of human pelvis; 
they described the division of the SRA into left and right 
branches, then into three to five terminal branches pen- 
etrating the rectal wall in the middle and lower rectum. 
On examining microscopic preparations from 27 fetuses, 
they identified two to four terminal vessels penetrating the 
rectal wall and reaching the submucosa, especially in the 
posterolateral position (71 per cent of specimens) 17 . 

In the present study, the majority of arterial branches at 
the three highest levels (6, 5 and 4 cm from the ARJ) were 
located outside the rectal wall in the right lateral, right pos- 
terolateral, left posterolateral and left lateral sectors, where 
these vessels arise. In contrast, no haemorrhoidal arteries 
were detected in several sectors in the higher three levels; 
in particular, none was found in the right and left antero- 
lateral sectors. These findings suggest that the arterial 
pulses detected by Doppler ultrasonography in the ante- 
rior highest three levels of the low rectum during surgical 
procedures using this technology can be regarded as being 
generated by vessels that are not directed to haemorrhoids. 
In contrast, in the lower 2 cm, haemorrhoidal arteries were 
detected in 98 per cent of sectors; specifically, at 2 and 1 cm 
from the ARJ, arteries were identified in the submucosa 
in 96-6 per cent and 100 per cent of sectors respectively. 
These features can be confirmed easily during Doppler- 
guided surgical procedures. Investigation of the position of 
the arteries in relation to rectal layers and levels showed that 
the mean arterial depth decreased significantly from the 
highest to the lowest level, reaching the shallowest depth 
at the most distal 2 cm of the rectum where nearly all of the 
arteries were in the submucosa; this feature was invariably 
found regardless of the circumferential sector investigated. 

Both anatomical and physiological evidence obtained 
from the literature and the present study has implications 
for the various therapeutic approaches that are currently 
available. In this regard, the most innovative surgical 
techniques are SH (also known as Longo's technique) 
and Doppler-guided ligation of haemorrhoidal arteries, 
including THD and DG-HAL techniques. The goal of the 
first method is to treat haemorrhoidal prolapse by resecting 
the rectal mucosa approximately 3 -4 cm above the den- 
tate line 18 ; however, the level of anastomosis is frequently 
unpredictable as it is affected by the traction applied to the 
previously performed rectal purse-string. In fact, it has been 
established that, even though SH is performed according 
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to well established technical guidelines, the intended loca- 
tion of the staple line is too difficult to standardize, as 
demonstrated by the wide range of anatomicopathologi- 
cal results reported by Ohana and co-workers 19 . Based on 
these data and the present findings, only a suture located 
within the distal 2 cm of the low rectum plays a role in 
the control of arterial overflow in patients treated with 
SH. However, even if SH and Doppler-guided ligation of 
haemorrhoidal arteries were applied, some doubts about 
Longo's procedure remain with respect to the circum- 
ferential suture performed with the specifically designed 
stapling device. This type of suture cannot ensure selective 
ligation of haemorrhoidal arteries as it can also involve 
both major and minor arterial vessels. Moreover, the cir- 
cumferential suture could generate an unpredictable risk 
of venous outflow blockage, thus damaging the drainage 
system, as described previously 13 . 

The correlation between SH and rectal vasculariza- 
tion was highlighted in another study in which a perineal 
Doppler probe was used in patients who underwent SH for 
HD and a group of healthy subjects 20 . Baseline measure- 
ments differed significantly between patient and control 
groups. Postoperative follow-up showed no significant 
alterations in physiological parameters. Patients with a 
higher rate of recurrence of HD had higher baseline arte- 
rial flow velocity values. The study showed that SH did not 
reduce arterial inflow in the vessels feeding the anorectal 
vascular plexus. The present data may explain the reasons 
for the failure to reduce vascular overflow. In that study 20 , 
the anastomosis was performed 3-5-4 cm above the den- 
tate line, a level at which most terminal arterial branches 
are not in the submucosa. Indeed, a meta-analysis of large- 
scale studies of patients undergoing SH demonstrated that 
these patients are more likely to develop recurrent HD 
with prolapse and bleeding at any time than those having 
conventional haemorrhoidectomy 2 1,22 . 

The goal of THD and DG-HAL is significantly to 
reduce arterial overflow to haemorrhoidal piles by dearte- 
rialization, that is Doppler-guided ligation of the haemor- 
rhoidal arteries in the upper part of the low rectum. The 
results of these operations seem promising 23-31 . In par- 
ticular, most studies have shown that recurrent bleeding 
is limited to a minority of patients (5-20 per cent after 
THD; 1-21 per cent after DG-HAL) 23 " 31 . 

However, traditional dearterialization might fail to 
include the haemorrhoidal arteries in some sites owing 
to their deep location (within the muscularis propria or 
in perirectal fat), particularly on the anterior side of the 
rectum. The reported frequency of recurrent bleeding in 
patients undergoing dearterialization alone using the 'high 
arterial ligation' technique (3 1 per cent) 26 supports this 



view. When mucopexy is included in THD or DG-HAL 
procedures, the possibility of excluding arteries may be 
lower as the running suture (even one that begins in the 
upper part of the low rectum to perform high ligation of 
haemorrhoidal arteries) is usually continued by transfix- 
ing the mucosa and submucosa to the ARJ, thus involving 
arterial branches directed to the haemorrhoidal piles. 

By selectively ligating the haemorrhoidal arteries using 
a very precise Doppler system 26 , the THD technique can 
accurately identify the location of arterial vessels in the 
submucosa of the low rectum, thus achieving a significant 
reduction in arterial overflow to haemorrhoids. Based on 
the present findings, dearterialization should be more effec- 
tive if performed 1 and 2 cm from the ARJ, where almost 
all of the arteries are localized in the submucosa, with a 
mean depth of 1 -9-2-4 mm. In contrast, arterial ligation 
3 cm from the ARJ may not be effective in certain sectors. 
At this level, 67-1 percent of the vessels identified were 
located in the submucosa. Above this level, a smaller per- 
centage of submucosal arteries was found, possibly making 
dearterialization less accurate at higher levels. 

This study provides new insight into the functional 
anatomy of haemorrhoids, with a direct impact on patho- 
physiology and treatment. The location of almost all the 
branches of the SRA in the submucosa provides a clear tar- 
get for surgical treatments that recognize vascular overflow 
as a fundamental factor in the aetiology of HD. Opti- 
mizing dearterialization is essential for improving clinical 
outcome. In this regard, Doppler imaging plays a pivotal 
role during the surgical procedure by providing precise 
identification, then guided ligation of arteries. Clinical tri- 
als are required to confirm the therapeutic implications of 
these findings. 
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Assessment of haemorrhoidal artery network using colour duplex imaging 
and clinical implications {Br J Surg 2012; 99: 112-118) 

Since the original description of the Milligan -Morgan haemorrhoidectomy in 1937, other surgical approaches have been 
described. Despite these alternative methods the Milligan-Morgan continues to hold its place as the procedure of choice 
and is almost certainly, even now, the most commonly performed operation for advanced haemorrhoidal disease. 

Why have other procedures not come to the fore? The Parks and Whitehead procedures offer a more radical approach. 
They are easy operations to draw, but technically difficult and often bloody. The Ferguson approach simply closes the 
wounds of the Milligan-Morgan. Frequently they break down and no advantage is conferred. All of these procedures 
were aimed at the haemorrhoids themselves. 

The Longo procedure was different 1 . It aimed to avoid surgery directly to the anal canal and haemorrhoids, by excising 
a cuff of lower rectal mucosa including its submucosal vascular supply; with the incorporation of small islands of muscularis 
propria into the staple line, the reduced mucosa was fixed to the underlying tissue. The resulting effect was haemorrhoidal 
shrinkage and reduction, with significantly less postoperative pain and a shorter recovery. However, there were case 
reports of serious complications such as retroperitoneal sepsis requiring stoma formation. Such complications are enough 
to discourage the majority of cautious surgeons. 

Morinaga's approach 2 , transanal haemorrhoidal dearterialization/Doppler-guided haemorrhoidal artery ligation with 
mucopexy, is incisionless. It is aimed at accurate identification and ligation of the haemorrhoidal arteries rather than 
excision, reducing the cushions to their anatomical location with subsequent scar fixation and shrinkage. The literature 
attests to its success, with a symptom reduction rate of 85-90 per cent or more. Patient satisfaction is high and 
complications minimal. 

Still, there is resistance. Conference chatter confirms scepticism toward the published outcomes or even the need for 
the Doppler. Adoption is slow. This elegant paper confirms the anatomy of the vascular supply to the haemorrhoids, their 
source, course, depth and consistency. It directs the procedure to the appropriate height from the anorectal junction, 
further improving the chances of success. It confirms Morinaga's original hypothesis. 1937 was a long time ago. 
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